Introduction

10
Atmospheric gravity waves (AGWs) have been well studied for over five 11 decades since the advent of the pioneering work by Hines (1960) . Traveling 12 ionospheric disturbances (TIDs) are signatures of AGWs in the ionosphere.
13
AGWs/TIDs appear as wave-like perturbations in the atmospheric/thermospheric/ionospheric 14 measurements, such as temperature, winds, plasma density and electron con-15 centration. These perturbations may be generated in the lower atmosphere 16 (through processes such as mountain wave breaking, weather fronts, deep con- igation Satellite System (GNSS), especially Global Positioning System (GPS), 61 there has been very little work that combines optical and radio data to study 62 the characteristics of AGWs/TIDs, particularly in the polar regions and during 63 auroral disturbances. However, some polar AGWs/TIDs studies have been con-64 ducted using either optical data like airglow imagers/cameras (e.g. ) or FPI (e.g. Table 1 .
127
The TEC data in this study were calculated from GPS L1 (1575.42 MHz) 128 and L2 (1227.60 MHz) signals at 60 s cadence. This data were collected by a 129 set of multi-constellation NovAtel GPStation-6 receivers (NovAtel Inc., 2012) 
30
• to illustrate our TEC data spatial coverage.
138
Intensities of the atomic oxygen red line emission at 630 nm measured at
139
∼9 minutes cadence by the FPI in Longyearbyen were also used in this study. spectively. These properties match the characteristics of large-scale TIDs (e.g.
201
Hocke and Schlegel (1996)). were applied to the data in order to extract period and propagation information.
276
Note that we used SADM-GPS since the geometry of magnetometers 
Discussions
289
All the characteristics of AGWs/TIDs determined from the dif-290 ferent instruments used in this study are summarised in Table 3 .
291
The periods and velocities are comparable to previous studies conducted at , .
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